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Impr6v<iim.ents in Powder Coiftpactlon and Enrobing 
Field of the Irxvention 

Tliis invention concerns the compacting o£ powder €^3, a 
povder containing a medicament/ vitamin/ dietary supplement 
etcr and such compacted powder being enrobed by a 
biodegradable and/or water solubio fiimr :^or example a non 
gelatin f ilair sucb. as hydroxypropyl methyl cellulose {HPS3C) , 
to produce encapaulated bodies oi; compacted powdarr sultabike 
for dodage jforms, e.g. for himan ingestion. The invention 13 
applicable to all related dosage former including tablets/ 
but for simplicity all such fornix will be generally referred ..; 
Jiexeija as capsules* 

* 

Background to the Invention 

Tablets are a common type of dosage form and various means 
for improving their properties have been tried. Current 
methods for coating tablets such as phaxmaoeutical tablets 
include the using of acelacoaters or pan coaterS/ which spray 
low molecular weight .HP^C grades onto tablets ^o imparting a 
surface layer, which is uniform and smooth, but opague and 
of low gloss. It is possible for the tablets to have embossed 
lettering on them- This method of coating tablets is however 
' very time consuming and requires a high level of esqpertise to 
produce satisfactory results. Production complications such 
as tablet twinning are common/ where two tablets become 
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attached to one another during tHe spray coating operation, 
in addition to these problems it is necessary to compact the 
tablets under relatively high pressures so that they do not 
disintegrate during the coating process. This high l6vel of 
compaction can have an adverse e££ect on the disintegration 
and dissolution xatea of active ingredients contained within 
the capsule, for example, leading to a delay in the release 
of a drug to a patient, whilst the tatolet slowly dissolves in 
the stomach of th« pat-ient. 

An alternative to spray or pan coating is to use two-piece 
hard capsules. These are produced by a dipping process, 
typically a HSMC solution is use4, producing half shells 
which interlock and thus produce an enclosed capsule. These 
capsules are typically opaque but glossy, and cannot have any 
for^ of embossment, as this would interfere with the overlap 
interlocking process. The nature of the capsule dictates 
that there will always be an airspace above the powder fill 
level. Additionally, it is not possll^le to compact the powder 
into these taJOlets, and this so limits the quantity of 
powder Which can be encapsulated, it follows that this, lack 
of compaction can affectively reduce the amount of e.g. 
„»edicament which can be encapsulated. Tho existence of the 
air space in the capsule and laqk of compaction of the powder 
contained within the capsule leads to a capsule that is 
inevitably larger than necessary. 
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It haa alao beea aCound that, after maaufactur^ and/or sale of 
two-piece hard capaule;^, the capsules can be easily and 
illegally interfered with^ as it is possible to separate the 
two halves oC the capsule and tan^per with its contents and 
replace the two halv^e toack together without there being . 
any obvioua change in the capsule's external appearance such 
to suggest* to the user that there was anything wrong with the 
capsule, XJxis AOaxis that it can be difficult to detect 
capsulea which havo had their contents tampered with* 

■ 

HPMC and certain other non-gelatin materials are suitable for 
ingestion by humans, so delivery capsules with, gelatin walls ' 
find potential ude as ingestible capsulea, e.g. for the 'V 

■ 

delivery of accurately metered doses of pharmaceutical r 
preparations and dietary supplements r as a possible *; 
replacement for gelatin based capsules* Conventional tablets 
have already been enrobed. See for example 
HO 02/0983944 

Suniroa.rv of the Invention 

One aspect of tbe invention concerns a novel method for 
compacting and enrobing a ponder to produce capsules with 
enhanced properties . 

A noR gelatin film layer is thermof ojcmed into a suitable 
tablet, sfiLaped pooJftet under the influence of beat and/or 

VAcu^^a, and/or pres5m2;e, a pre-^determlned mass of powder is 
dosed into the filxa fonped pocket, and compressed into a 
tablet sbape e.g. with the aid of a piston or pistons. A 



■ 
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partially enrobea ^aolt' tablet results from this proce3s, 
which is then fully enrobed by a second aequenae of events 
which involves the raising of the tablet above a platten 
which allows the remainder of the compressed tablet to be 
enrobed by a second film. Suitable tablet shaped pockets can 
be created by using e.g. a pair of pistons slideable within a 
cylinder, such pistons also having the advantage of being 
able to fcm pinch points between the platen and the top of 
cylinders which are useful for cutting away unwanted excess 
film from the (partially) enrobed tablets. 



One of the aims of the present iflvention is to produce 
tampar evident capsules. 



Another aim of the present invention is to produce powder 
filled capsules whereby the powder ia enrobed with a material 
i^ich may or may not fonft a *aJcin tight wrap' . 



Another aim of the present invention is to produce a capsule 
with a high gloss surface whioh is able to adopt an 
underlying embossment, e.g. to identify a pharmaceutical 
tablet . 

Another aim of the present invention is to produce capsules 
which have a flange which is almost non-discernable. 



tDeaB92O?g4TSepSOg^q.5.10.S^ 
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Anotlier aim of the present invent ipn is to enable the 
production of dosage forms in a wide variety of shapes and 
sizes r which r bocauso of the ^^twe of the p^rocessea 
involved and the properties of the product produced, 
includes shapias and sizes of dosage forms which have not been 
previously possible to make or practical to use. 

Another aim of the present Invention ie to produce oapaules 
with favourable properties and which contain powder or other 
fiowabie solid material which is at a favourable state of 
compaction and/or coinpositionr and/or the encapsulating 
medium of the capsule being fast dissolving or 
dissolvable (with control} pharToaceutical grade films ^ 
plastioAsed with phftrxpaeeutical grade materials. 

Another aim of the present invention is to produce capsules/ 
which by their nature , are easy to swallow^ and more easily 
can bo conveyed to the site where it is desirable where the 
active ingredients are most advantageously released. 

Another aspect the present invention is a method o£ powder 
compaction to produce powder compacted slugs r which , for 
example can be enrobed to produce capsules which possess 
enhanced disintegration and dissolution properties over a;ad 
above traditional tablets. 
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Another aspect o£ the present invention is a method of 
producing a capsule,^ which/ at t-hB very least can perform the 
same function as a conventional coated tabXet, but in which 
the conventional tablet pressing and coating stages are 
repXaced by a aingle powder enrobing process. 

Another aspect of the present invention is a jnethod of 
producing a capsuie by enrobing powder, in which,, because of 
the nature of capsule produced, certain ancillary ingredients 
necessary in conventional tablet productionr can be osoiitted. 
For example r ingredients in a tablet which are added to give 
the tablet its 3tructural integrity can be omitted, because 
the active ingredients are in povjder fonar relatively loosely 
compacted are encapsulated vithxn a filxar Buch film which now 
securely packages the powder/ ingredient thus giving 
integrity and fonaing a diacrete effective dosage forip. 
Because of the af oreiaentioned, componcnta contained within a 
tablet which are designed to disperse and break up the tablet 
when it has reached the site of delivery^ can be omitted, as 
tho active ingredients in the capsule according to the 
present invention are in a non-compacted or at least less 
compacted form as compared to a conventional tablet^ and this 
lesser compaction leads to the easy release and dispersal of 
active ingredients once the capsule filw has dissolved, e.g, 
at the intended site of delivery. 
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Anothex" aspect of the iuvsntion provides a metbod. of enrobing 
compacted powder, coioprlaing vacuum forming a film into a 
pocket, coiapaotixxg a powder in said pocket, resulting in a 
pamiaXiy enrobed powder slug in a pocket. Vacuum forming a 
second film over this powder slug to completely enrotoe the 
powder alu^, forma a discrete compacted powder filled 
capsule^ suitable for use a3 a dosage form. 

In yet another aspect of the present inveatio^ provides a 
metliod of enrobing compacted powder using film or filma, to 
form a compacted powder filled capsule,* wherein the film or 
films forming the wall of the compacted powder filled capaule a 

■ • 

A 

*»' 

used overlap each other* 

* 

Jn a further aspect of the present invention provides a 
method of forming and/or enrobing a compacted slug wherein 
the level of compaction of the compacted powder is less than 
that necessary to reach the Indus t?:y standard for the 
discrete slug of compacted powder to be described as a 
tablet. 

In practising the method of t&e invention/ the films are 
caused to deform to conform with the external surface of the 
pocJcet and the compacted powder slug, the filmfi effectively 
forming a secure capsule, by being w^capped around the powder 
slug. Vacuum chamber or vacuum bed apparatus, in which the 
films and powder are located in a suitably shaped support and 
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exposed to conditions of vacuum (or substantially reduced 
presaure) can be modified and used for this purpose. Such 
apparatus may be baaed oft connnerciaHy available vacuim 
^ai»bar or vacuum bed apparatus, suitably modified. Vacuum 
forming techniques result in the compacted powder being 
completely enclosed and encapsulated witbin a film, leading 
to a capsule containing compacted powder, each capsule having 
enhanced and controllable properties over dosage forms 
currently available, such as «^nventional tablets. 
The powders to be compacted are typically subjected to 
pressures between, but not limited to, 5-15 mega pascals. 
Examples of powders oar«>acted and enrobed include 
paracetamol, ibuprofen, sorbitol and multivitamin. Other 
powder fills which are contemplated • are antacid, anti- 
inflammatory, anti-hlstamine antibiotic and anti-choleateroX 



drugs 



The film should be a material which is suitable for human 
consumption and that has sufficient flexibility and 
plasticity to be vacuum formable. Soma film materials have 
suitable properties in their natural condition, biat commonly 
it will be necessary to pre-treat the film material so that 
it is vacuum formable. For example, it may be necessary to 
expose tbe film ffl^^terial to a solvent therefor; for instance 
certain grades of polyvinyl alcohol (PVA) will vacuum form 
after application of a small amount of water to the surlT. 
thereof or when exposed to conditions of high humidity, A 
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further genejcaliy preferred possibility, is to use a film of 
thejrniQplastic material (i.e. material capable of cJeCorming 
plastically on heating) with the Silroi to be in hsatrsofteaeti 
condition, prior to being tbermoformed by exposure to vacuum. 
Suitable thermoplastic materlails include modified cellulose 
materials, particularly hydroxypropyl methyl cellulose (HPMC> 
and hydroxypropyl cellulose (HPCJ , polyvinyl alcohol (evaW 
polyethylene oxide (PSO), pectin, alginate^ srarcheSr and 
modified starches ^ and also protein films such as soya ^d 
whey protein films. The currently preferred film material is 
^PATCi Suitable film materials are currently a'v^ailable. 

When using thermoplastic film> the film is typically heated 
prior to application to pocket or compacted powder slug^ so 
that the film is in a heat softened deformable condition. 
This can be achieved by exposing the film to a source of heat 
e.g. an Infrared heaterr infrared lamps^ a heated plate a hot 
air source etc. In the process described^ a range of 
temperatures may be used, but by way of example only^ vhere 
films of different thickness may be utilized for the first 
and second films in the process , a first film forming 
temperature of around 150 degrees centigrade may be used and 
for the second film forming stage ^ a' range of approximately 
70-80 degrees centigrade may be usedi^ 
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During tlJ^e exxroUing process, films may be caused to overlap, 
preferably a minimvim of 1 .5nnn-2nim. Compacted powder slugs may 
preferably have a sidowall height of obowt Sunn and filffls laay 
be caused to overlap substantially completely over the 
sidewall area. 
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The film material may include optional coXousiogs, e.g. ih 
the form of food dyes such as FD and C yellow number 5, 
and/or optlojifll flavourings, a-g- sweeteners, and/or optional 
textures etc in known manner • 



The film material typically includes plasticiser to give 
desired properties of flexibility to the film in known 
manner. Materials uaod as plasticisers include alpha hydroxy 
acids such as lactic acid and salts thereof, laaleic acid, 
benzyl alcohol, certain lactones, dlacotin, triacetin, 
propylene glycol, glycerin or mixtures thereof, ft. typical 
thermoplastic film, formulation is HPMC 77% by weight, 
plasticiser 23% by weight. 

The film suitably has a thickness in the range 20-200 
microns, conveniently 50 to 100 microns, e.g. at about 80 
microns, ...with appropriate film thickness depending on factors 
including the size and form of the tablet, rilms of different 
thickness may be used, e.g. a film of greater thictoesa may 
b© used in the first stage of the enrobing process, say 12S 



[00fla9ZP;g4?sep^iB3-.p5j'e9^^ 
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microns tJbicIczL^ss and a txXvi of lesser tihicJcness may be used 
In the aecoiad stage of the enrobing process^ say 80 microna 



thickness. 



because of the nature of the film forming procesjS aocoxding 
to the prodOAt Invention, under certain circumstances^ 
where the powder to be concpacted coataina partic^ea v/hiah# 

under cos^acclcn, have the ability to pierce film, it may be 
advantageous to have the thiGta:)ieg3 of the film fpjcmed. ixx the 
pocket to be greater than that of the film which is to cover 
the remalndeo^ of the eompact^d powder slug (in the second and . 
final phase of enrobement of the ooznpacted powder) ^ Such 
differential thickness may give rise to certain advantageous 
structu;ff«il features o£ the resultant capsule; the capsule my 
be generally more robust and so may be more safely stored and 
handled ( generally thicker film on the capsule > , but such, 
capsule also possessing a smaller area (window) of weaker* 
thinner film which can give rise to quicker release 
characteristics by the thinner film, will dissolving more 
quickly when exposed to any given solvent. Jftn advantageous 
differential film thickness to form a capsule with wall of 
different thickness, could be e.g* 70/90 micron film 
coordination to produce capsules which are robust but which 
release^ their contents quickly^ through a wiftdoW oH thinner 
film. 

Therefore films of different thickness may be used in the 
enrobing process, and to give a further e^£$yi|ples, a film. of 
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greater thlcknesss may be used in the first stage of the 
enrobing piroce^e, a metxijttura of 200 microns and a lainimuni Of 
70 microns but say preferably 125 microns thickness and a 
film of lesser thickness may be used in the second stage of 
the amroblxxg pjfocessr a maximum of 125 microna and a minimum 
of 50 microna r but say px^f^saWy 80 mioxrons thickness. 
When making multiples of enrobed compacted powder slugs , the 
spcing of the COttqpacted powder slugs can be important- If 
the compacted powder slugs are position ed too closely 
together r the film is not able to fully thermoform between 
them- For exan^le, a spacing between tbe acijacent CQ^np^cted 
powder slugs of about 4mm has been found to give good 
results ,r tb€S film being able to fully adopt the veo^tical 
sidewall of the compaorod powder alug to a distance of about 
2mm before it beaiixs to curve away from the sido of the 
compacted powder slug- 



According to otxe aspect of the invention r the method 
involves forming two separate overlapping half coatings Of 
film, effectively on the compacted powdor slug. The jaethod 
preferably iiivolvaa, first f owning a film in a pocket, then 
coinpactifts a powder alu?| into the film lined poOcet, thereby 
effectively costing/encapsulating a aubatantial portion of a 
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ppwQLer slug within a film Cormod into a t>artial capsule, 
removing tlie remaining film material not coating the 
compacted powder slug o.g. by cutting, then coating the 
remaining half of the cortcpacted powder slug^ with ororlapping 

m 

portions of tlie two coatings sealed together to provide a 
sealed complete eticlo^ure for the slug, and again remov^ing 
remaining surplua film, material not coated on the slug* it 
may be necessary to apply adhesive material betweerx the 
overlapping film coatings e.g. to the surface of the film 
layera, to ensure the formation of an effective aeal 
therebetween and to make the resultant capsule tamper-- 

• < 

evident* Ihe adhesive material conveniently has the same 
composition as the film, but with a greater proportion of r* 
plaatlciser, e.g. 93% to 98% by weight plasticiser, so as^to v 
provide a leas viscous material. The adhesive material may be 
applied, a.g^ by use of a roller, spraying arc, A typical 
adhesive formulation, with % representing 4 by weight, is 
EPMC 4%, lactic acid 77% r water 19%. 

. The compacted powder slug a,nd capsule convenienttly include a 

generally cylindrical side w^ll portion^ with two half 
coatings overlappix;g on this side wall. Tablets of circular 
symmetrical .farm with a circular cylindrical side wall are 
^ery common, but other forms e.g. generally oblong, and , oval, 
again including a generally cylindrical side wall, are also 

known » 
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It way be also advaatageoua or <aesirable to apply acJUesive 
ntaterial e.g. as described above, to t^e surface of cc^acted 
powder slug prior to the fixxal stage of coating, to pr 
adhesion of the second portion of the film thereto- Again, 
this may b© achieved by 
e.g. use of a roller, spraying etc. 

A Plurality of tablets in an array may be conveniently coated 
siimiltaneously, using a suitably large sheet of film 



This invention ia now further described in detail, by way of 
example only, reference to the drawings. Steps a-k show 

the basic compaction and enrobing aj^aratus and process. 

The drawings show the various stages of a powder 
eojftpact ion/ enrobing process. 

Figure 1 shows the mechanism of the basic steps of powder 
compaction and enrobement via steps a-lJ 

a. A first film (1) is laid upon a platten (2) . Lower 
piston. (3), slideable in cylinder (4)^J.ncorporates 

vacuuHL port (5) . 

b. Film (1) completely drawn down into cylinder (4) by a 
vacuum created by vacuum port (S) and said film ID also 
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resting on the crown, of lower piston (3), to form a 
pocket shape. 

c. A quantity of powder (6) is introduced over the pocket 
o£ film and upper piston (9) moves downward towards the 
lower piston (3) compressing a quantity of powder (6), 

d- A cofflpacted powder slug (?) resulting from the 
OOlXOpXetion o£ step c 

e. Cutting cf film by the introduction of cutting tool (10) 
to form an isolated semi enrobed slug of compacted 
powder. 

f . Lower piston (3) begins to move upwards, thereby also 
urging compacted powder &lug C7> upwards* !' 

g. Lower piston (3) comes to rest, positioning cOJCipactad j: 
powder slug (7) proud of platen (2) 

h. Introduotion of a second film (B) over platen (2) and 
also loosely stretching over compacted powder slug (7) 

i. Second vacuum is applied drawing second Hilm (8) around 
and closely in association with the upper portion of 

compacted powder slug {7)f second film (8) thereby 
wrapping itself around the upper part of the compacted 

powder slug (7) . 

cutting tool <12) descending and trimming off excess 
unwrapped film from powder slug (7) . 
k- Fully enrobed powdfer -slug, has been .^ejected froip. 
cylinder (4) by the further upward movement of lower 
piston (3) and has the loos6 ends of the films ironed 
• and' sealed by irons (13) • 
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1. shows a fully enrobed tablet witli ironed seams. 

Figure 2 depicts a variation of the basic process described 
by figure- 1. 

steps al and bl show a second pre-formed film pocket, 
formed by a second vacuum formiing pocket (14) being 
lowered onto the platten Immediately above A partially 
enrobed powder slug as shown in step f of figure 1. Once 
tbe opposing film pocket is in position lower piston (3) 
moves upwards thus pushing compacted partially enrobod 
powder Slug also upwards a»d into the cavity of the 
second pre-foriaed film pocket, thus capping the 
partially enrobed powder slug to form a fully enrobed 
capsule, enrobed by two pockets of film. The capsule is 
than released , triininad and ironed as mentioned 
previously. 



Figure 3 depicts a further variation of the i^aic process 
described by figure 1. 

step a2 showd a powder slug as in step £ of figure X, 
and like figure 2 a second pre-formed film pocKet is 
introduced, ^uit this time it is a shallow pocjcet, formed 
by a second. Shallow vacuum forming pocket (15), such to 
only coat the top of the powder sing and to form a seal 
at the Circa«fe:rence of the very edge of the cylindrical 
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portion of the powder alug. Steps a2-dZ ahow this 
revised process. This process gives rise to a capsule 
with a different type of seal which gives rise to 
different properties in the capsule. 

Figure 4 depicts another variation of the process described 

by figuxe 1. 

Hovrevex: th^ l^a^ic process is ^sseatialAy duplicated to 
form a capsule which contains two distinct half doses of 
powder. The basic process as described in figure 1 is 
carried out up to 6t6p f, ia duplicate, which is .Jf 
basically steps a3-c3 in figure 4. The main differences y 
at this point in figure 4, are that the two opposing 
pockets filled with compacted powder (16,17) are half 
size in depthr and the top of the powder slugs axe 
essexxtieaiy Slatr Rather tha» rounded- step c3 niay 
include the laying down of an intermediate film on the 
surface of the half slug- Steps d3-f3 show the bringing 
together of 2 half slugs to fonn a single capsule, 
COjApxised of 2 parts p step g3 sjiows a cdnpartmentalized 
csapsule. The advantages are at least 2 separate doses of 
active ingredients can be incorporated into 1 capsule, 
under perhaps different compaction pressures etCi This 
gives rise to further flexibility and options as to the 
perforxaaijce of the new. dosage forms* 
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The process de3C;.ibed, and in conjunction with the quantity 
of powder used, with rhe careful poaitionixxg of the co-acting 
pistons during the coB^action process, can Jlacilitate the 
formation of powder slugs having varioua levels of 
cojBpaction. previously described, these varying levels of 
coiapaction are allowed in the powder aluga because the slugs 
are enrobed within a fi3^, and it is this film enrobement 
Which provides the slug with the necessary integrity it 
so that it can function as a convenient and stable dosage 
form. The process and apparatus can he aiodified such to 
produce capsules with varying properties, which have 
advantages over tablets and conventional capsules already 
known in the art. For example, a capsule according to the 
present invention containing a powder with a low compaction, 
could produce extremely favourable quick release 
characteristics, suitable, e.g. for a fast acting analgesic; 
the film can be both designed to be smooth/flexible, to allow 
the capsule to quickly and relatively painlessly travel to 
the intended site of drug delivery through tlxe digestive 
tract, and also be designed to dissolve at or near the 
int4nd@d site of drug delivery. The lower coinpaction of the 
powder in the capsule can also aid smooth travel of the 
capsule in the digestive tract, as the contents of the 
capsule can be designed to be compressible and mobile, thus 
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aliowlxig the capsule to be bent and/or cpmpressed as it 
travels through the body go that it can confonn to the shape 
ox a 7no.re restricted part of a passage^ squeeze th;»:Qiigh it 
and so continue its journey through the digestive tract with 
less hindrance. Such dosage iTorms luay find themselves 
especially useful where a patient fij;ida difficulty in 
svjallowing^ had a painful or restjricted digestive traot^ or 
there is some other reason i^hy a dosage form is required to 
be more mobile and less aggressive to the internals of the 
body . 

• » • 

• ( 

The folloiiiring methods are given by way of ex9niple ajid it is.i 

r 

not intended to limit the invention in any way: k 
Eacaxttple 1 

Consumable itexQ3 ; 

Film 1 - l25niicron thic]cnesa^ hpmc plasticised with lactic 
acid 15%, and triacetin 5%, processing aid^ ptarch 1% and 
sorbitol monostearate 0.25%. 
Film 2 as film 1 but 80 micron thickiiess. 

Glue applied to overlap area of first film - benzyl alcohol 
45%A triacetin SO%,hpmc E15 Premium tDow Chemical Corp.) 5^ 
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ggocess description 

Film 1 is ttemofo^med into single or awltiple tablet/caplet 
shaped poc)c6t6 in a platen, each pocket containin<r a lower 
piston that can be raised or lowered as necessary to suit 
standard sized tablets and caplets. The tablet shaped pocket 
also has a raised edge profile around the top periiaeter of 
the pocket. This ed^e profile is raised l«m above the platen 
surface and ha^i a land width of 0.35b«i. The vertical 
sidevrall of these pockets is typically 3rm deep. 

The thennofontiing operation involves the fil» acting as a 
toeiDbrana dividing the two halves of a vacuum chamber, which 
are separately controlled. The chai^er above the film 
contains a flat heated platen at a temperature of 
approximately 150-C. vacuum Ls drawn above the film causi^xg 
it to be held againat the heated plate for a period of 1 to 5 
seconds preferably 3 seconds. The vacuum in the upper chamber 
is maintained whilst vacuum is also applied to the lower 
chamber. At this stage the flX^ remains against the heated 
platen, once the vacuum level in the lower chamber reaches 
at least -0.65 bar the vacuum in the upper chamber is 
released to atmosphere or replaced by positive pressure, this 
•forces the film downwards away from the heated platen and 
onto the tablet pocket ahaped tooling below. In this way the 
film adopts the e&ape of 

the tablet pockets in the lower tooling. 
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Powdog dosing and film 1 cutting 

A dosing aoc^mtoiy is then placed over the film formed 
pockdt. This consists of a location mask which sits on 
location dowels in the platen, and a dosing sleeve that rests 
directly above the film formed pocket, and sits on the raised 
edge profile p The dosing sleeve exactly matches the 
dimensions of the .film formed pocket.* A dose of powder is 
deposited into the dosing sleeve and falXs into the film 
pocket. Compaction is achieved via a compaction piston that 
advances through the dosing sleeve and a^ae&ps any residual ..-f 

i 

powder down into the film pocket, below and compacts it to a \ 
fixed 

stopf guch that it does not cut the filmr but instead comes 
to rest directly adjacent to the film, The level 0.t 
compaction is controlled by the mass of powder being 
deposited into the dosing sleeve. The piston below the 
compacted powder tablet is then lowered and either the 
compaction piston is advanced by a similar amount causing a 
punch cut through the film as it interferes with the inside 
of the raised edgd profile. Alternatively the compaction 
piston i9 replaced by a cut piston which similarly advances 
§nd causes a. punch cut with the raised edge profile. The fit 
tolerance between the cut piston and the internal dimensions 
of the raised edge profile are such that the diametric 
clearance is no moro than 35 microns. 
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Tns apparatus is generally of BtaiAless Steel , with the 
piston crowns made of hatdsned Steel. The equipment was 
machined and supplied by Midland Tool and Design, Birmingham, 



DK. 



The tablet ia thus pushed down by the cut piston into the 
confines of the pocket, and comea to rest on the lower 
piston- The location maak and dosing sleeve and the waste 
film web are then removed - 



Second film application, t^ut and iron 

w 

m 

The partly enrobed core is then raised ujpwards within the 
tooling, such that half of the fowned tablet sidewall is 
above the raised edge profile. The second film ha6 15gam of 
glue applied to its surface via gravure roller and this ia 
advanced over the tablets. The Cilm is then theiSttofouned in 
the same manner as described for the fii^st film, except that 
the film is held above the tablets by a spacer plate, such 
that the positioning of the film does not damage the top 
surface of the tablet. It is possible to use a lower heated 
platen ten^rature (50-150-C) for the second thermoform, as 

the** 

film is thinner and softened by the application of glue. 
This helps to limit the heat exposure of the powder surface. 
The location mask ia then positioned over the tablet and a 
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second cut piston is lowered- The second cut piston is 
designed such that it forma a punch cut on the out3ide edge 
of the raised edge pjJOfile of the lowep tooling, with a 
diametric fit tolerance of no more than 2S microns. The 
location maslCr and second cut piston and waste film web are 
then removed and the fully enrobed potvd&r core id pushed 
through a tight fittiag tablet shaped heated cylinder {40^*0) 
to ensure tho overlap seal is formed. 

■ -.a 

, • " ••• 

I 

Same conditions as Exartple 1, but the following step s 

« 

replaces ^ Powder dosing and film 1 cutting' stage: '\- 

* 

Powder dosincf arid film 1 cutting ^ 

A dosing as^sembly is then placed over the film formed 
pOjCket. This consists of a location mask which, sits on 
location dowels in the platen^ and a dosing sleeve that re^tp 
directly 2kbove the film formed pocket, and sits on the raised 
edge profile* The doaing sleeve exactly matches the 
dimensions of the film forttted pocket. A dose of powder is 
deposited into the dosing sleeve and falls into the film 
pocket. The cut is achieved via the Cut pidton that advances 
through the dosing sleeve and sweeps any redidual 
powder down into the film pocket below » The level of 



* 
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coit^aLCtlon Is 

controlled by the mass of powder being deposited into the 
dosing sleeve. Th& cutting piston cuts through the fiUn as it 
interferes with the inside of the raised edge profile. The 
cut piston continues to engage with the raised edge for a 
further Um, and in so doing compacts the^ powder further into 
the £XXm shell. The fit tolerance between the cut piston and 
the internal dimension^ of the raised edge profile are sucJi 
that the diametrie clearance is no more than 25 microns. 

The apparatus is generally of stainleps steel , with the 
piston erovms made of hardened steel. The equipment was 
machined and supplied by Midland Tool and Cesign, 
Birmingham. 

The tablet is thus pushed down by the cut piston Into the 
confines of the pocket, and comes to rest on the lower 
piston. The location mask and dosing sleeve and the waste 
film web are then removed. 



Bxaapla 3 



same as exanrple 1, but the toleremce fit for the first cut 
piston is the »ame as that for the second cut piston, i.6 25 



loicronQ • 
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a 4 



Same as exampla 2, towt the tolerance fit tor the first cut 
piston is the dame as that for . the second cut piston, i.e 25 



microns . 
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EXAMPLE 5 



Description of *Sbp apparatus and process used for 
accurately dosing and compacting powder 



Apparatus 

The apparatus used in the above process consists of the following 
assemblies: 

A. A platen containing cavities In which the tablets are formed. 

B. Athennoforming unit. 

C. A powder dosing and compection unit 

Description of Platen , -^^ 

the platen consists of a stainless steel plate with a surface that contains a 
row of cavities. The cavities have vertical sidewalls and the sanie cross 
sectional shape as the tablets that ere to be fomied, see Drawing W>Of - 
There Is a raised edge around each cavity with the secuon ^^^'^'''J^.^!^^. 
0003 Detail P This is essential feature for the pitKSeaa of cutting the film that 
is formed over the tablet In the second part of ob- proce^. A so note tne 
recessed surfece that pfOteclB the raised edge and supports the film above 
the edge prior to first thennofonTilng operation . 

The base of each cavity Is fbmied by the surface of a piston. Each piston is a 
close fit (maximum diametric clearance of 25 micrometres) In respertive 
cavitbf and l8 held securely downwards Into me bottom o^iJ'^^f^'^J'y ^ 
compression spring fitted around the stem of the Pis»on. Jtie spnng for^ 
pres^ the end of the stem onto the surface of a cam which is used to co^ol 

Sie vertical position of the piston and hence ^ de^ S!filSr«ft®^e^^n 
of the piston shape are shown In Drawing 0002. Note the concave recess m 
the ftont fee© of the piston and the square edge around the recessed face 
shown in Drawing 0002 Detail P. 

Both the pistons and the platen have small hoi®^ (approximately O^nw 
diameter) In them to allow a vacuum to be <^eatBd in and around^^ 
cavities during the two themTOformlng processes that form Part of ttje i.^ - 
process. The vacuum holes In the platen are shown in Drawing 0003 and the 
vacuum holes in the piston are shown in Drawing 0002. 

Views of the complete platen and piston assembly are shown in Drawing o«> o i 
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Description of Thermoformino Unit 

The thermoforming unit consists of a flat heated plate mounted In a chamber 
that leaves only the surface of the heated plate exposed. The chamber is 
connected to a vacuum source and the vacuum is connected to the surface 
of the heated plate |3y an array of small holes (approximately 0.5mm 
diameter). These holes are an essential fixture for the two thermoforming 
processes that form part of the prooes$. They prevent air bubbles 

being trapped between the film and the plate. Details of fte thermofonning 
unit including a view of the holes jn the heated plate, are shown in Drawing 
FD000348. 

D6Scriptior\ of Powder Dosing and Compaction Unit 
The powder dosing and compaction unit is a complex assembly of parts that 
Is mounted above the platen and is connected to the bulk povMler supply. It 
has three fundions; 

a. To accurately control the quantity of powder that is placed into each 
cavity. 

b. To compress the powder into the ca^t^es. 

c. To cut the film that has been fomned into the t^viiies and thus 
. separates it from the "waste' ftim^ 

The quantity of powder is controlled by a slider menhanisra The slider 
consists of two finger shaped plates tiiat fit together as shown in Drawing 
0004 to create cavities of same width as Die tablets but of adjustable 
length; the depth of engagement of the two plates controls Hie length of the 
cavities. The assembly of these two plates is mounted such that it can slide 
horizontally in a base plate between position 'A' where the cavities are filled 
with powder and position 'B' where the powder is compressed into the tablet 
fbnm, see Drawing 0005. The depth of engagement of the two plates thus 
controls the volume of powder that Is translerred In this way. 

To ensure that the cavities in the finger plates completely fill with powder 
there Is an agitator mounted above the fill area wlfliin the upper housing. This 
consists of a shaft with Vanes' of the lorm shown In Drawing OQ07. It Is 
importent to note that this js no| a spiral screw. When the shaft is rotated the 
vanes agitate the powder gently without CTmpre^ing it and thus pronrrate a 
consistent uniform flow of powd^. Drawing 00d6 showd the agitator mounted 
in iJie 'dosing piston holder', fteni 1 on the drawing. 
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Compression of the powder is achieved by means csf a row of platans tJiat are 
mounted In the 'dosing piston holder' above position 'B'. Drawing 0009 
lllustt^es the oompressfon pistons; note the concave recess in the front face 
of the piston and the square edge around the circLffnfiBrence of the face as 
shown in Drawing 0009 Detail P. The pistons pass through bores formed by 
the finger plates and the base plate as shown in Drawing 0008. Thus powder 
can be swept through the bores and pressed into the platen cavities when the 
dosing and compaction unft is mounted on top of the platan. The assembly of 
the dosing unit and platen is shown in Drawing 001 0 Sheet 1 and a section 
through the complete assembly is shown in Drawing 0010 Sheet 2. 

The strokes of the Mmpression pistons are fixed to ensure a fixed size for the 
finished tablets. The pistons enter the end of the platen cavities in the last 
0.5mm of the strol^e. This results in a shear cut of the film around the Inside 
edges of the ravities. 



; Process ^ , . 

Description of ThermofonniilQ Process 

The pnscs^ starts with thermoformlng the. . ' film onto the platen, 

A sheet of film is placai over the platen and the fhermoformir^ unit positioned 
over.lt. The thermoformlng unit Is then pressed onto the film and platen. This 
creates a split vacuum chamber with the film acting as a membrane that 
separates the upper chamber (thermofbmiing unit) and ttie lower chamber 
(platen>« 

The thermoformlng process Is started by connecting a vacuum to the upper 
chamber This pulls the film onto the heated plate, which is at a controlled 
temperature of typically 1 80'*C^ After an adjusteble period of a few seconds* 
vacuum is also connected to the lower chamber to evacuate the cavities in the 
platen. Then, vi^en the vacuum level In the lower chamber has reached a set 
level (typically -Q.6baiig* to -CSbang*) and the film heating X\m&* has elapsed, 
the upper chamber is vented to atmosphere. The resulting pressure 
difference across the film forms it into the oavlfies in the platen, the 
thermoformlng unit is then lifted off the platen to complete the thermoferming 
prooess. 



Note ^ 

*The values quoted for the temperature of the heated plat^fthe film heating 
time and the lower chamber vacuum level are typical but not exclusively 
definitive. The optimum values for these parameters are dependent on the 
phy^cal Characteristics of the film being used and thus on Uie film formulation. 
In general, different operating parametere will i3e required for different films. 
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E-f^'*^^^" ^^^^ Powder Dosing Pror^i^ 

ARg the film has been themroformed the dosing unit is focated onto the 

Hl-^^'*'^'" ^^^^ under the ixrtary agitator and held 

a^^^' P^"^*- fr^"' *he bulk supply falte under the artion of 

W a??ia?1h« Sn«l ^'"^t' P'^*® ? f ^'^^^ "^^'^ ^«««ve to finger plate 

? P'®*^"' ^^'^ ^wres that all the povvder In the finger plale 
cawttes can be swept out by the compaction pistons. 

Description of the Powder Com paction Process 

I «rS2I[^^**°"£'®*?"® P»®ssed through the finger plalea and base ptale 

£f ISSf'^P'21^'J"*° ^ P*^*^" Applying more force compacts 

i!5o CiLn S^rtie^ ^^'^^^ ^'^""^ "^^^^ ^^"^ 

The size of the finished tabiets is fixed and Independent of the quantity of 

because the stroke length Is fixed and the force provided i 
to compact the powder is in excess of that required to achieve the full etroke. 

■P^cription of the Film Ctottina Process i 
wf °^ movement of the compaction pistons makes them enter the 

f 15! Sl?>f " ^vites. This cuts the film and thus severs the tablets from 
the sheet of film they have been fomied from. 

The action of the compaction pistona entering the cavities In the platen Is an 
importent feature of the cutting process, it creates tablets with very well 
defined edges and overall shape aa compared to the altematlve method of 
usmg separate compression and cut processes. 

Note 

The cutting of the second film (fomied over the top of the top of the tablet In 
fi^ second part of the process) is achieved in a similar way but in thid 

case the cutting tool is a hollow tablet shaped tool that engages with the 
outside edge of the raised profiles on the platen to achieve a shear cut. 

Draft Timi ng Diaarafr) far Process 

A draft timing diagram for the complete » process Is shown on the next 
page to help clan'ly the sequence of events for the thermofomiina dosing. 
conv>ac6on and cutting orocesses. 
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